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HIGH-INTRGY PHYSICS

by: Olag 2lsarclhovsil

S0odgelszion telicn duriag the ninth session of
1;V U;;ced Yut ons Grggulua 10“, en Inte*national
TPOsSLs u*Ll open in Genev on August 8 Represe-
ives fron mexy ccuntries will participate in
d¢iscussions, ‘The Jolliowiang erticle summerizes
av achileverents in the physics of the atomic
€uSy ' e
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nce the day we learned that the first

izdus icl clzctric powver station based omn atonmie
cnerﬁ had started operating in the USSR, there
have taien place many achievements iz this rapiédly
developing vield of new techniques.

[k R =Y

“he eagsistance pronised by the Soviet Unioca
w0 the states strugeling for peace and democracy
tacn aSsuned concrete form.

These edvances are n0t the only ceontribdbution
L0 the scientific development of peace-loving
countries.

Soviet scientific mepgazines ere pudblishing more

a-.& more reports on ithe work of cscientists, thus
Loying ke foundation Tor further progress ia the
veehasgues of aucleer wransrormetion and contribusting
t2 « frec exchange o reseurch experience., AL the
Tecoenv Scssion of the Academy of Sciences of thne
LSS R, Luﬂj of thesc¢ reports wers brought togesther.

v well known that the yhvsics of today becomes
gLAeerlﬂg practlca 0 tomorrow, All the
cchievements using nuclear energy have
ated in scientific investigations carried out
the Last few ycars in the research iastitutes
manxy lends,
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Noew investigations enable us t0 penetratse ir%ho
Lo secrets o matter, thus paving the way ror Julure
achlevemenis about which we can only guess et the
present time. The forces, which have alrcady beconc
the proparty of mankind, are so immense as to threatoen
our existence., However, ve have great faith in human
Znselligence and we firmly believe that buman reasoa
will prevent the use of these forces for nutual exter-
miuation. Therefore, we do not fear the publicatlon
02 new Tindings in science. Science i3 arn incihcousti=-
ibhle fount from which mankind will never cease 10
irewv new knowledge sbout nature and in particuler
cbout whe mysterious world enclosed within the zucloal
oy atous,

utensive pubdlicavion ¢ this new ¥nowledge 13
L inportant eloemeant .u the strugrle to turn atomic
onery t0 pesceful uses, o struggle invariadly
saatisted by our counvry.




L. Nucleer Torces

Clarification ¢ <the nzture of nuclaar forccosn
Teos vae forces nolding T0mCclher noubTong Ln T2 WOnRS
(vhe mavsicles forndinzr © o atonic nucxcil, Lo vae 0l
the cuniral problems O .LGGDR AUClear phayLito. Vo
Luavend vo continue examining the new perticles of
matter, which are called "elementary”, until we succzed
2 finding out their real nature.

Physical research in this field was considered by
many as something enalogous to the "pole of inc.ccS8w
Lollivym, Nevertheless, even the mostu conservauive
“sunters for particles" are fundamentally dreancrs.

We may even regard their choice 0 & profession as an
cutgrowth of their romantic nc*ure, These searchers
o<iplore Elysian Fields where every new step is pregnand
vith the unexpected, and new discoveries are abdundant
end usually ccnecurrent with the application of powerluyl
tcchnical means to the developing exploration of tiae
unxnown., These investigations have DderoOme envelopcd

in a sort of magic skroud, probably due to the Ciflieul?’
in finding normal interpretations for such resecrci. Tae
results of these investigations reveal so meny real
wondsers, thaet cannot be fitted into the framevork nf
conventional concepts formed at school, that they scem
occasional.y frightening. However, perhaps I will
succesd in 0nvineing my readers that the mastery of the
rew physics is not unattainable, slthough it reguires

of course, a certain concentration of mind, even for the
L.ost superficial survey of its achiesvements.... But are

these achievements necessary? ‘e have already succecded
in developing means for obtaininz atomic ene}gy for
peacecful purposes with the help of the processes of
nuclear fission or uranium produced from the depths of
the FTarth, The necessary conditions for this to take
piace are found in special atomic reactors,

It Lkas been estimated that 1f the annual productioa
0f uranium were raised to 50 thousand tomns, tae coasumpe
tion of energy throughout the entire world could be
doubled immediately. This is not utopianj; the above
figure corresponds to the world vroduction of tungsten,
Yorcover, uranium is contained in the earth's crust in
a quantity considerably exceeding that of the deposits
of tungsten.

If to this we could add 100 or 150 thousend tons
02 thorium, fronm which nuclear fuel for atomic reactors
could also be manufactured (and the earth's crust
coatains approximately three times as much thoriun &s
uranium), then .he average annual production ol enorgy
per inhabitant of the world could be brought up %o
approximately 200 thousand kilowatt~hours. This means
that each family would have at its disposal an electiric
station having 50 kilowatts capacity.

Reactions occurring between atomic nuclel are not
complicated. They are described in detail i‘n & uumber
of popular and readily available publications.

It i1s not surprising therefore, that some Ineiper-
fonced individuals might doubt whether it is woxrta
while t0 go ahead, whether itu is not better to stop and
develop this rich vein. Are further theoretical invest-
igations on nueclear forccs really necessary? At a
press conference for representat.ves of the Soviet a3
well as the foreign press, Professor Bruno Pontecorvo
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i3 e 7iz1d of Lish-energy
x“e corrusponden. o she J.zooLated Poos
Ynls interesting oller, ViIoitls annalroe, ond
) _thav he would harily be able to unécritond
sicl exn.anctions, Our reuders, howucver, o«re more eagor :
“or iaovwlsdys end nore pavient. Therefore, we shall try P
ERAEE I h?re, i3 uriel, prospective achievements ia
LBET DLYSLCS

TR e

Pirsw o7 all we wish to point out that gunpowder i
“Wis &lso invented belore scientists could explei. %he ‘
casmical forces acting to bind atoms into a molecule,

fl»—

Yhoowse of a aunber of other chemical transfo“ngu;onu,
Yor ciunple, those cccurring during the smelting of
etals Irom oresg, also arose from experience in relae

, wively aacient t_nes. MHowever, everyone knows that

° vae nodern, infinitely varied, technical _.pplicatiors

bt 07 c¢hemistry could be introduced only after the lighs
o:_“nowladgc was shed upon the structure of atoms and
30 5 &

nd upon tiheir ability to enter into combinae

&r phnysics is now et the following stage:
Tie pracaical apgllcatlon of nuclear thoory has been
already achieved, althoupgh a true theory on nuclear
forccs has net been developed &s yet.

L waad o the scienti xnow, and whkat do they wish
L >~

about nuclear

o thess forces are, arose
lnn 1y after the imternal SLIUSTure 0F GLOMAS
Luc.ci Wes discovered. 7o what can tiese forces be
‘ ¢conparcé? Can they be compared with gravitational
Covees, whlelh meke cujects vhrown upwards fall vowards
tae earth, which ¢ruse send in agitated water to setile,
;

Lné nmake possgible the sejparation of cream from midll?
‘ she veAv close-knlt suructure o. an atomic nucleus

o

‘urhuas nuciear forces arc akin te electrical forces?
o, this 1s completely absurd, ‘Je must remember that
nucleur rorces operaste 2ot only with electrically
¢herced particles, i.e. protons, but also with ueutral
»artieles, which are called neutrons. Electrical forces
¢ not affect the latter at all.

Nuclear Torces are, in their very essence, sone-
Yhicg envirely different., ILlectrical forces, i.e,.
Torces o electrical atirgction, and grevitational
forcea act over relatively pgreat distances, and diminish
soadualiy. Nucloawr Tsrees are known to be of a "shori
Twnger aature, i.e, their effect is felt only across
very short distancesd, and beyond these . ~2gions they
y becoiie nagligible. However, in order to oe able to
stucy the interaction between particles at short
. distances, the particles must have a very high eacrgy.
The higher the energy of the particles, the smeller .s
the distance at whichk their interaction can bde felt,

when we are comn..led to work "against nuclear
Turces", &o the physicists sey, i.e. 10 separate the
nuclear particles bound together by these forces, it
becomes upparent thuev thoese force. ure irmmense,




11, Nuclear "Glue"

"Je wish to cite the I>llowin~ coaparison: the
particles bound to each otiher in the atonic nuclsus
act as i? fastened to each other by nears of invisible
and surprisingly strong rivets. »

This comparison fully agrees with the concept of
nuclesr forces as expressed in 1935 by the Japanese
whysicist Yukava. He assumed that heavy elementary
particles, i.e. neutrons and protons, interact wivh
each other exchanging some lighter particles, which
act as tie aforementioned "rive“s" binding the icter-
acting particles.

all the same it suggested in most general terms the

| existence as well as the mass of the "rivets" holding
together the atomic nucleu, the mass being intermediate
between that of the neutron and the proton. These
hypothetical particles were called mesons {"mezos" ia

i Greek i.e. intermediate, medium).

r ; Yukava's theory was never fully developed, bdut

Evon a very dbrief description of subsequent
developments will enable us to see their drama%ic
nature,

A certain period of time elapsed and messons wers
found. They were revealed in cosmic rays, the mystoerious,
continuous radiation directed towards the earth from the
. ! depths of the universe. This radiation produces great

‘ disturbances in the atmosphere., Cosmic rays destroy

, atomic nucleil encountered in their peth, They somctimes
. cause heavy particles which have been tramnsformed under

- their effect to shed fire-works of cosmic "showers"
around themn,

@

In 1937 X. Anderson end 3. Neudermeier reported
that by means of the "fog chamber" (the name oOccasionally
used for the Wilson cloud chamber, which reveals tlae
trajectory of invisible particless they had found charged
particles in cosmic radiation. The m-ss of these part-
icles was approximately 200 tines that of the eleciron,
Physicists had expected this result and greeted it with
enthusiasm. Mesons had been found! The forecasts had
beez correct., However, the enthusiasm was followed Dy
disappointment.

These were not the sane mesons forecast in the

. estimations of Yukava. These were lazy and inert mesors
& , . that interacted weakly with neutrons and protons., The
physicists had expected other mesons to be discovered.
' One can well understand the excitement which was aroused
e . by the announcement of the Soviet scientists
\~) - A.I. Alixhanov and A.I. Alikhanyan that for the first

! time other "true" mesons had been found,

In 1947 the Dritish physicist S, Powell confirmed
through irrefutab’e experiments, the presence 0l charged
particles in cosmic rays with a mess approximately 300
times that of the electron, These mesons (called pi-mesons
to distinguisk them from the other mesona) behaved in exact
conformity with theoretical prediotions, These mesons alao
interact.J with neutrons esnd protons as expected.




The only difficulty was that in aArder 210 detect
and register them, a iruly grect advance in experi-

.mental tcchnique wes needed; these momontary Ilacinz

by

¢reations of cosmic roys, of insignificant loxnjcvity,
are exvrcmely difficult to regisver. Still, ticy had
v0 be thoroughly studied iu the interest of nuclear

Ju/)~cs, since they were considered the key to tle
fuandanontal nvstc~;e& ol t ¢ atomic nucleus,

a

A new epoch opened in this field when thie seni-
fantastic and semi-legendary mesoOns, which had dbeen

so widely discussed, and whose existence bad been
cuestioned, wery art;f‘cially obtained in the laboratory.
The Torces or cosmic power, developed in physicel imsvru-
ments, provided the required energy.

The circumstances under which this occurred deserve
particular attention.

111, Muclea» Artillec-y

As alreedy mentioned carlier, nuclear forces are
immense., They exceed the Torces acting vetween atonc
ia chermical compunds by hundreds and thousands of tines,
and ere thousands and tens ol tnousands of times grester
vaen the forces effective between the atonmic nuclei and
their surrounding layers of electrons., It is anaturel,
therefore, that for interaction with the nucleus where
these forces apply, we need particles whose energy 1is of
the same order as the nuclear forces,.

Let us decide fi. .t of all on the units iz which we
shaell measure the enorgy of such charges. For this
»urpose we nust refer to the universel unit used by the
paysicists rfor measuring the energy emitted or absorbed
curing the processes Occur*ing with single atoms or
nuclei. This unit is tte clectron volt., It is easy to
guess Trom the name that this unit expresses the quortity
0 energy acguired ty an electron in an electric fie;d
that has a voltage of one volt,

The energy produced by an atom of Lydrogen in the
nrocess of conbining with oxygen, i.e. during normael
combustion, can a.s0 ue expressed in electron voltus,
This energy is the energy of chemical combination and
is 4.2 electron volts,

For comparison, let us note that the energy produced
by the conbination of protons and zeutrons in & nuc.ous
constitutes 7 to 8 million electron volts. An energy of
“undreds of millions of electron volvs, however, muss be
upplied to separate & "meson rivet" from an elemcater,
particle.

The attack on the atomic nuclous s with the use
0 natural "charges", i.0., nucloar HLSVICies Vlu.cdolacd
by the duconposing nuclaei of nuturcaly sawicactive
elements. Remurxable wchicvercais, cuch as tho IJircs
«rtilicial nueclear truaolon.. bions cewlized Ly Ru..ao lorg,
nroduction of artificill ~ldicdacuiv LAnEeLl8 DYy 2.ovro
«ud Trole Joliot-Curie, cud tie Giscovery of the acuivrox
vaich L5 connected with e mames oI Chadwick and tZoe same
Curie family, have becn .chievecd through tuese modest
TWeAdL3.
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However, the naturel sources of particle projectiles
are negligible, Selection of bombing particles Iis
limited., 1In the meantime, however, the new sciernce,
which even the conservative Rutherford named with «.li771t
the "new alcheny”, required the study oi a wide ranje oX
nuclear reaction under the action of various particles
and great enerpgies, Special methods for ‘attacking the
zvomic nucleus had to be developed and since no rcal task
imposed by the developnent of science remains unsclved,
nuclear "artillery" was created. This new, special
nuclear "artillery" was designed to give the atonic
~rojectiles a great acceleration to provide a co...dcrably
more concentrated fire, and to shoot a large nunbder ol
projectiles of diverse kinds.

Initlally the nuclear perticles, tec which we wisked
to impart a great speed in order to covercome the so-
called "armour btelt" of electrical repulsion protecting
every attacked nucleus, wcre, as expressed by a Soviey
physicist, placed on an "electric cliff". The nclifln
was represented by a high voltage electrical field. Tae
particles were "precipitated" or mthrown down" fronm tiais
"electric cliff" and, before reaching the "target", ran
along a rectilinear course at a speed which increased as
the height of the cliff increased, i.e. as a greater
voltage was applied to the accelerating tubes, In these
tubes the particles acquired a velocity exceeding the
speed of a missile shot from a long range gun by hundreds
of thousands of tires, but even this proved insufiicient.
The projectiles necessary to overcome the "armour belt"
0T repulsion must be a great deal more potent in a anunber
oi{ cases.

At the very beginning of the developmernt of nuclcar
physics, there arose the problem of whether the parvicles
could be best accelerated in one step or in several,
However, experiments on this simple idea with the kel> of
accelerators constructed in the forrn of vacuunm tubes
stretohed out in a line could lead t9o no decisive conclu-
sion. To provide the accelerated particles with sufficient
energy, linear accelerators of a considerable length were
needed. It is sufficient to mention that in one of the
modern maciiines the accelerated protons ran alonz a course
210 thousand km. long.

‘le may thus sees why direct action accelerators could
not be used for this purpose.

The solution of the problem which thus arcse Lzs boen
found: the particles had to0 be accelerated alon3 . cpircl
path. Then, while completing a very long run, the purt=-
icles would not move beyond the limits of a relatively
snall area,

In order to explain the structural princinle of this
instrument, the examole of a siing is often used, 3y
rotating a stone attached to a rope, vie can throw tio
stone oconsideradly fartvier than when doing 80 by tihe sare
hardd along a straight line. However, this excmpic meolely
provides a remote notion of the prirnciple of tho construc~
tion whioch was suggested by physicists, and it doas uot
s8how its specia. characteristic. This special character=
istic lies in the fact that the accelerated particles
gain speed at each successive revolution, and only afler
they reach a very great speed, are they releassd in tle




wireotiop of the rnucleer "target". Tn the book Mlew
Joree" Tty Ralph L.pn, we Tiad the fcl;o:1no DurecLl
Juwrican netnod ol Lzsariviion o vhno aTinclnle ol
Lowion 9 the cyeliires (waich iz the name o0 this
now o acceleratiing vuvose:. He CSnLTLaTes Lo erclotron
Wivhoa Zuff?- SSh, LnoVLLChL o every passengel
recaives ‘OO CVeSy tinme LC pueescs the cashier wad
TuUS -Mp-d_j becones oot llioaal-e. The idea of
cyelovrias wos Juggesved 0 its author, the Ameriecan
ponrysicisy Lawrence, nO0t by the stock market, however,
but by tie rnew cl..iron vechanique,

farvicle projrctiles, ich ars to be acce_.rated
in . oeryclotren, woe il cr25u into the rield o L Lonluw
Tul magnew, which couses ther to move inm a spiral,
. ving completed tic run around half the circuniercnca
ingide one orf the dees, they enter the electrical ficvid
butween the dees, - ¢ field, at this monent, is acting
22 the coame direction in which the particles are
Drocuvuing end thus speeds them up. after this accelerae
vion the particles continue the circular rlight; Shwaver
Tals tinme around a circunfTerence of incressed radiuc
since tneir speed has iancreased., Then, crossing Ongu
nor¢ the space between tie dees, they are once nore

tccolereted by the clectric flelu and

thus complete a

Jull revolution, They sontinue to fly around this
ceveloning sniral wens and nunureds of tines, At esch
successive revolution they are affec.ed dy a relativaely
5.all eccelerating field, iowever, in the final

analysis, the energy increases very ¢
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Science affirms the same with repgard to energyv.
owever, foxr a long time science cilently assumoed tact
Vhe two grest laws ol naturc, i1.e. toe law O conscrva-
.i%n o0 macs and tae lew o0 ¢cnservation and vransfornme

owion ol enerdy, uere unre.ated, In reality, ofwever,
¢ 1s vhe logicul resuly of tie v.acr, In oaccordenco
with Lhe law 0f Laterdepenience hetween mass and energy,
Clo.overed by the Gurrman genius Albert Einstein in 19035,
vaca cheage in th rergy of a body is accompanicd by a

the ¢
¢orrusponding change in its nass.

The processes occurring iu the cyclotron are Lo
niracle., 7The phenomenon observed, i.c. the increase
in ness of e particle with the iancreace in its energy,
.3 conplevely explaincd by the theory of relativiuy
{ornulated by Einstein.

Thae followins example is often quoted, when
discussinz the theory of relativity: suppOse we aecv
& L0cy weighing one kg. up to 200°C 2and leave another
body weighing one xg. at rcom temperature; then V.o
hot body will be heeviex> than the c¢old bocdy by ong
villionth of a gream. 2 coursc, a balance sufficientl;
precisa to weigh 1 kg. wivh an accuracy of cne billionth
of a gram d0oes not exist, However, if such a bclance
¢id exist, it would s“ow vhe gbtove difference. How
éoes this happen? 'slccules of a kot body move at a
greater speed tian tMOSe 6T & c¢cld bvody and the rescrve
02 enerry is actually an excess o kxinetic enexryy of a
mwunber 0 separate molecules. Having a greut reserve
o thcrmal energy, the hot body also Las greet miss.
ovieyv cince the speed of rnotion of particles in a
Leated aodv is cons:dcrably lower than the specd of
perticles flying in a cyc‘ot on, they are not "over-
~oadoud"” with k‘net‘c cacrgy to the same extent. Eence
who differente in rass formed at the expense 07 kinetd
Y .5 1351631.X083uly small anéd is pever detected

0

3

f3 o

I2 wo had sufficiently delicate insirunm.ntg, wo
would be able to p:cx that & wound~-up clocx is zZcavier
thal the uawouad clLockX. The energy increase o7 tLa
iasranolecular Tield of cohesion in a tense spring
rosults io the increase of ilis mass,

L chevged clectrical condenser i3 heevier thoxn
the uncherged condenser: the energy ¢ the elactricel
Tiald ¢corresgnonds 30 the incrcaso Lo ness.  Tois
pa2e30monOn rermains unuoticed, The dumsities ol Llo
molecular field end of the fisli 07 & coadenser are
io8ignificantly snall L{a comnarisca with the density
0 a rnucleer ficld. Unde- pornmes circocunstances Lo 8

e
., whose rass .lso incressed in propoTtion to
ease Oof kineotic energy, €0 nct move at spoeds
¢? ters &nd aundreds of kilometers per gsecond, &s I3
tLe case wiwh particles :o. acceierators, HOowever L
zucleeT transformetion processess associated with tle
use 0f mcoclerators, these extradrdinary phendonens
Yecone very marxed. e may even affirn that phrsicistis
cre quite used to them. They are now pert of routizg
soie :t‘r‘: and technical calculetions, By consideriz
this phe-omerncn, the Sovie: piysicist, V.I. Vekslar,
succevdc . in laying the scientific T ation for he
constru $ioa ¢f gecelerators ol a .hudaneag_;ly new
tyP6. 8 80037 as ti.s principle decame known, 1t was
twtcoessfully applied,
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ALl 02 the powerful e
vpervicles are built on this p
ed herc in very genersl t¢..s

*5 .n which the mazaevie
7y wWivh the scceleraiion
Se are the so=cailed
ececierate elecirons.

ere also exist =ac
5 increaseu s.Lnmul
motion of particies. %
trons, wiick are used to

In other accelerators tie pericl o' fluctuaitlion of
“he alternating electrical currentv is izcreased siiui-
taneously with the acceleratisn of the nmotion of parvicles.
Thecse are the so-called syncharotrons, which are used to
accelerate slectrons,

——0vheTrLTTele

ravors—the period—of-Tluctuation—ol~ -
ZLaealternating elo trical ¢
aem

a urrent i3 increcssed in .
30 ia the ness of Ve ~orviclice
Therefcre, in sp.te of the increased %ime of its
revolution, the particle éoes not T.ll out of resoreaxnce,
but convinues vo be accelerated by thc eslecurical Tleld,
Jaese DPhosotrons Or, 4o bvhey are occacionally called,
synchrocyclotrons, are used to accslerate "heavy"
particles, i.e, deutcrons and alpha particles.

Lastly, che third ilnvention has combined bota
operat.ons. These are the so-called synchrenhasourons,
Artiricial cosmizs rays, i.e. protons carrying an energy
of soveral billion eleciroen volts, are produced in
gynchrophasotrons.

Ou>» country has not only developsd the principle o?
these new, so=-called relavivistic accelerators (tuis
term 18 used *t¢ characterize phenonena and instrumcnts
based on the theory of relativity), but has als:
constructes auge synchrotron and nhasoiron accelerctors,
Thus, for e:anple, the largest phasotron in the world
operstes in the Institute of Nuclear Problems of the
Academy of Sgcjiences of the USSR, It produces protoas
with an energy of 680 million electron volts.

Energies with which explorers of the atomic rnucleus
operated two and three decades ago were only toxn tinmes
greater than the energies obiained in the eighteeath
century. Zlectrical machines, which were used as
parlour iteoys, produced tens of thousands of volts. This
value was not surpassed for two centuries., Therefore,
the achievements acoomplished in the course of the last
twenty years are astorishing indeed.
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iAs we LaVe alrcziy seen, construction of these

inSTrunents, which slso confirned very exzctly .o
vieory of reletivity, Las rnet the nost urpment requirc-

. e e - - 2~ “- . ~ < :.....‘ - - 2 2 - -
.CcnLiu 6 rnodern Tiyscics. One or t field :
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Lranen ©f phroics, wihich hzs bbb“ crsensively develionaed
CoLiS wa2 TO Toe ¢woluwuidn of ‘;O‘.\.. DU D00 Ll vS e liwaa
vionni o ues, Is thi suudy O the 30-celiled elementary
Todgesces.  Unfer tnis heading are grouped, for exzanple,
Li2 n2r0cess o7 fornauids ©f mesons curing the collision
ol zmeuiodns and proiens ¢ under the effect of phofons
iC rays of high ceuergy), &nd phencnena oFf attcring
ol _urvicles, where tT.e Torcces acting tatween zh;se
TLTUices Cuorate. Jori by Soviet cscientists that Las
Tocen appeared Ln 2izs, as the resuly o s53ve Ll
yeurst Tosearen, i3 levoted to these urgent zrodblems.

.G, lleshcheryaiov, «orresmonding menber of the
Lzadeny ol Seiences o the USSR, and Prof. S.Ys.Nikitin,
W.izZ their assistants, suudied ia the Institute o
& Nuclear Pronlerns the scattering of protens by provoms,
This worXk reguires tie mOsT modern experimental vocLaigques,
% 13 closely conncevad with the use of all corvs orf
.oéern clectronic ecuipnment., Mosi reflned nethods of
Tegisvreavion ¢f particlec with precisicns up to cne
t.illionth of a seconé must te used. loreover, ithese
¢xperinents are impossible without modern countvers ¢fF
nucles> parvicles, such as for example, certain crystals,
in which the passange of charged ruclear particles
srcduces a flare of ecld luminescence, registered by
meens 02 gpecial phovoeleciric nmultipliers.

The lumircscent chanter constructed by E.X., Javoysky,
correspondéing menber o the Acadeny of Sciences ol vae
U352, is & remarkable achievement. The ordinary
scinvillatvion recorier registers only the bvare Tzoct of the
Jassajze o particles, wiereas here, with the help of
¢loeneodn-dptic trancfermers, the pa*h along which i
D.rvicles procesd in vikc luminescent substance is also
rccerded, This camers has aroused the interest of
paysicists in all countries.

These investigetions are supplemented by the study

0. scattering the neuirons by protons, By compering

tae two we are able to draw a nunmder of final deductions
on the nature of elementary nuclear particles. Invest-
.gations on “he scattering of neutrons by protons are,
however, fraught with more serious difficulties, since
the neutrons carry no electric charge, and methods of
their registration are much less effective than the
:;ethods of registration of protons. Nevertheless, these
experi.ients were also successfully carried out in the
Tnstitute of Nuclear Problems under the supervision of

~Prof. V.P. Dzhelepov., In his report on these works

delivered before the session o0f the Academy of Sciences
o the USSR, ).G. Meshcheryskov emphasized the valuable
contribution to the research in quegtion by the theore-
tical phbysicists I.Ya, Pomeranchuk and A.Ya, Smorodinsky.

We have alrecdy mentioned that during the scattering
¢ particles the forces in effect between these particles
.re displayed in the purest forn. Sccattering in the field
o high energies makes it possible to "feel" these forces
v distances too small for experiments with low energies.,

Zv 15 no wonder that physicists so far have been compelled
vO approximate by essuming that these forces are constaxnt
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L™ to o zcrtain distance. This disvsnce is cailed
tihe racdius of acvion of =z2uclaar forces,

Then two billicsd balls collii: and rcdound, l.e.
"o wmer”, each O uash. moy te GoULlcted Ly Lny &ngac
wiva ccual probabilivy. In tle casc of she pariicles
.7 Luonic physics, nowever, vhe pridebility ol delle-
Wi, ¢ purticles v {illgrent ergles during scaiter-
IL7 wedzzés esseniviaairy ©n thae navure of tne Iorces
&suin’ Letween when., Thergiore, researchers are
prinarily concerned wivh the study of the vo-callzd
angular distribubtica of sccitering., In nuclear physics
whese srobabilities cre ususlly czuracterized by o -
58001028, Thais siuuation is not unusual; &8s ¢ oue. .o
¢l Facv, 1o axtillery tze probadilizy o surikins wils
or thav target depends on the resgpoctive ereas of the
Szrgets in which tae chosen trajectories end. Tho
¢iperinentally detuernincd magnitude of the eross~scction
of the elementary ;art'c;es which are scativercd at kigh
enerzies allows ong t0 conclud ‘hat the effective
Gimensions of these vparticles are smeller than previously
zssunmed. It is now belisved that e‘enentéry part1 les,
i.e, protonrns and rneutrons, arae conposed of small "zrains”

or "aucleim (the »rcuvons and neutrons proper), whi
surrounded by a cloud o pi-mesons. One caﬂnou he
thinking in this connection of the striking statlenent
made by Lenein: "Ain electron is as inexhaustibie as enm
atom",

On svudying the devendence bYetween the cxos
section aad energy ol the scatiered particles, to
researchers arrived av the conciusion thad possibdly
there exists a definite "excited" cvate of protons.

The theory describing this phenonmenon has been devolioped
by Acadenician I,Ye, Tamm, & Soviset scientist.

A serises 0f reports by the Institute of Nuclear

roblems of the Academy of Sciences of th. USSR .as
been devoted to the study of the formation and
properties of pi-mesons, Taese promising reports
were produced by M.G., Meshcheryakov snd Prov, H.S.
Kozodasv, 1In their experiments they iavestigated
charged pi-mesons, as well as well as neutral pi-nesous.
These promising reports were produced by M.G.
Meshcheryakov and Prof. M.S. Kozodaey. 1In their
experiments they investigated oharged pl-mecsons, as
well ae neutral pi-mesons (the latter exist as well
as the former),

The reaction between two protons, in the course of
which heavy hydrogeu (deut.rinm) and a positively
charged pi-meson are formed, is of special interest
among the nuclear reactions connected with investigations
on charged pi-mesons., This reaction, as well as its
converse, where the deuterium and a positively charged
Pi-meson interact producing twe protons, can also bdbe
experimentally investigated, This is a most interesting
example ©of equilibrium in nuclear reactions,

A new oitizen of the Soviet Union, the progressive
Italian scientist Bruno Pontecorvo, who is now working
in our country, has carried out a fine piece of work in
the field of high energy nuclear nhysies, He successfully
investigated the scattering of charged mesons by douterons
and protons in those high energy regions which up to that
time had been little studied,




2 intersct.on O0f neutrons and
ci are wiso of great interest,
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i —.is “ed work by
Xy and :z.s ussistanzs who studied
07 Leavy niuwlsi by neutrons of high e: fadv A

¢f neutrons with &n energy ol about 400 million
voits Ehﬁj investigated the division of o3
niun and ohorium nuclei, butv also considergdly
nuclei: biwmuth gold, tungsten &nd others., It
the division of 1uclei at this energy
an interesting and peculiar property: belo

ision a great anumber of neutrons, occasionally
t¢n, are iibverated from the nucleus,
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as been invastigated using
. N.4. Perfilov, a
eriicaliy; it has becn

o DoV, rchatov in cooperation
clian A.P. Vinogradov's assisiauss,

:;.“.O 0. T¢
uC-.-“b‘:
. invesoi

with hi

Tnvestigations carried out by many diverse ncilods

meds 1 poscible o Gctermizno vhe ;unaamontal diilerences
Za the nature of tie division of heavy and ligat nucledl

3uy how can one exdnlcoin the sinmultaneous discharge
T2om the nucleus o0f such a great quantity of secondary
paerticles? 'e cannoi, of course, discuss.this problem
thoroughly in this artlc‘e. This division can be
explained only through analogy. JUust as particles of
wvater ogcape from & hected tea keuile, 80 we may think
of a nucleus into which a high-energy particle has
peneirated as boiling and evaporating the neutroas
contvained therein.

Wy must not think, of course, that this division
ccn oroduce a cheiz reaction. Nuo .1 of comparativoly
sma.l mess (such as bismuth, tuagsven, and gold)

et di- .ded only under the erlfect of very fast particles

which can be obtained only by means of artificiel

.ccoleration requiring the consumpdption of quantitios

of energy. For this reason, the neutrons ejected

. before division are unable to induce a chain reaction,

‘ Nevertheless, this phenomenon is certeinly of great
interest from the theoretical point of view, being a
phenomenon characteristic of res*tions at high energies.

A series of interosting experiments devoted to the
interaction of gamma rays naving an energy of up to




233 million elegetren volis wish nuclel 'and elementary

nervicies, WEre CLlPIicw 0Ly CL VLG LJaCLIouon O wa
: Zeowlev Physical Zisuievio of the Lcadeny O 8Sc.cnces
o o7 t2e USSR uznder nhc supervisicn of V.I, Veksler, tle

iavenuor of the princinle on whickh weecleranors of tihs

o
. . Tge $ S - e e e e A e e S . s LGr 07 Uhne
De &l MUIlald; LlW L COUIITLOPITWLL] Letiaull N ok

Pe) K3 PO 2
ol Scienczo ©
- -
be

h)
- -
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tie USSR, together with Prol.
¢ viet physicist,

The outcome ¢of this research weus reported a. the
conference on cosnic rays, whici toox place during the
winter of 1954. ''. also wish to mexntion the reucarca
concducicd cn tze formation of neutral and znegative
Da-mosons by the hydrogen isotope, decuterium, as wWoll
as iuvestvigatvions on tvihe iateraction ol gamme rays aad
copper and nickel nuclei, which provided informaticn
forming the basis o. a new concept in the struciure ol
tonic nueclei, i.e. the development ¢f the nuclear shell
.uOdel »

W

4

. These gnd many other experiments of Soviet
regearchers show thot our country occupies one of
the leading places in tae field of high-energy physics.

Recently there was held zn All-Ualon Contferencs

01 quaatun electrodynanmics and the theory of elencntar
particles with spccial emphasis on mesons. TForeign as

B well as Soviet scientists took part in this conference

./ wicre new theoretical papers by Soviet scientists were
widely discussed and highly approved. They were zlso
widely discussed at the session of the Academy of
Sciences of the USSR on the pcaceful uses of atonic
ONeTEY.

We think it aporopriate to refer once more +to the
history of the discovery of mesons. This history has
not bveen conpleted as yet and the undiscovered areas
are pregnant with pronmiscs of new discoveries. When
"creating" new particles by super~powerful accelerators,
the researchers d.scover one nmeson after another. They
are anow considerably more numerous t.an needed, or,
more accuravely, than the xisting theory can explain.

This is the most exciting and troublesone period
i the history of this science. The river is still
covered with ice but spring waters beneath it are
restless, A little while yet and tha icy armour o?
obsolete theory will crack and a flood of new idsas
will carry away the 0ld ice floes,

This was the case with chemistry, when the
researchers were oconpelled to face manifestations
of differences in the properties of molecules of a
Co uniform chenical conposition, which were diffiocult
./ to explain from the viewpoint of the o0ld theories.
The gonius of Butlerov developed a nsw theory which
enmbraced all these extraordinary faots,

. The same occurred in physics, when the necessity
of explaining the mysterious facts of natural radio-
activity led to the formation of modern concepts on
the structure of the atom, this complex struoture
with a nuocleus surrounded by olouds of electrouns,




of the wtomic auclsu

Tic phaysi.s s is now et a
cinilar stage of develownent, tastable cad ric. in
sehievements, and we all know that 1¢ signilics the

of a aew upward flight (or "breaxilarough").
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